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(57) Abstract: 

PROBLEM TO BE SOLVED: To reliably sense the 
resistive state of a memory cell in an MRAM device. 

SOLUTION: The resistance of a selected cell 12 in 
the MRAM device 8 is sensed by a read circuit 20. 
The circuit 20 includes a direct injection charge 
amplifier 28, an integrator capacitor 24 and a 
digital sense amplifier. The amplifier 28 supplies 
current to the capacitor 24 and meanwhile, 
maintains the potential of unselected memory cells 
12 of the device 8. The amplifier 28 applies a fixed 
voltage to the selected memory cell 12, and the 
digital sense amplifier 26 measures the integration 
time of a signal in the capacitor 24. The signal 
integration time represents whether the resistance 
of the device 8 is in a 1st state R or in a 2nd 
state (R+AR). 
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^U-VaV) }±, fi<r>7— STi/Z/tf, 4 

[0050] m&m HMW)6lTo«-«l;, ±iBTsftfl^ 
:?3r4£/BU flJ SrfEtS U-CV>5S* 
-fe^gg^tHi-i t \Z X or* *>*<£AS 2 5 5Kfc3 
^tBUSb^UB^trfl, I NT [ (2 9 2 
-255/2) 3 =18 i:V^{iffAS*!7^^ 3 8l:o- 
K£*u t^afil f 0 j ofg^-^it) ifSSfil r 1 j nffifr 
ffit!9i:<op«a(D*i^mWF^D/2Sr^1- (^o^4 
0 4) . t&mm r 1 j &iEtSLTv>agii!-fe/i'<oisMg& 

^•BlLAS||^$ix (7"o5/^4 0 6) , rHia-ot* 
^V^ffiCNTA'2 5 5fc*»ttS^D$tt^ P CtU^<fcD, 
*^^^{4CNT= 2 7 3 * ^V'^fiSCNTiD 

2cDttlSAS^y -fey h^^4 4trg2ig$H (T'p? 
^4 0 8) , ^y-fey h U-^* 4 4«0rt^AS* 
3 8lr|£lg$*tT, ^*X(rJ;oT, CNT = -2 7 3i 
(7*ds/*4 0 9) t j^^-y-fe/H 2ibm#l&ixX 

gE*.tBU»C«t<J, * ^^^fflCNTAS 2 9 0fc*»tiiADl- 

5 (^d^4 12). &2ro&®Sg*ab<^TI$K 
14, ^^^^fflCNTHIEfifc?) (CNT=17) , C 
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fOj t>m$lZi%t:**!)±sl'l 2iz%&m.ZixT\,^Z 
i^TH- (^n >^ 4 14). 
[0 0 5 1) 05lt^2<OfW*-KSr^tTiS9, 2 

Kft, JSSfii: r i j w^aiL-irwassfil roj wg2#- 
[oo52] r i j SrfEtSL-cvssm-b^s, -to** 

CNT*«CNT=0^^k$4x5 (yas/^5 0 
4) . ru SrlEffilU-C^S^^y^H 2©8©3g* 
UJUiS. -t*va»£>l£fT$ft5 (^Py^5 0 6) . #!7 
>*ttCNT*», pJ£$*tfc;fr*l<'hC (1) /citfifAD 
£*VC, CNT=C (1) 

[005 3} fOj -SrlBiSUTV>5SSi-fe^, -tWjtf 
^-t-S¥ffi. ffTKW*. tJit^fijT Kt"X 
r k\z£iXm&.£tl 5 0 8) % roj SrSB 

ItLTV^^^y-fe^H 2<0^®^lUL.*S|lt7$n5 

tf^hc (0) fiitm*D$4x5. f2<0 

= C (0) +C (1) kttZo 
[0 0 5 4] f®ffi.T<n&<Dm t . -tH*>fe^9-fey H' 
i***4 4»rfB®$H5 . T'y-fey 

jb?^* 3 8Kn— K<**T,5 (Vp^? 5 13). ;& ? 

4 #fEte^- 38 Ko-Ki-5i:#K:> ^ 
U-fey h^^4 4JCSElg$4xT^Sfia»C*tL-C T2 

V^^tC N T liC N T = - T/ 2 t 5„ 
[0 0 5 5] >*il-fc^H 2a*Sft$*l (^0*^5 1 
4) » SE*W$4xT (^n 16) , ^^V^ffiC 

fOj r i j «rE«UT<#*$*»i? *a>4t!M£jk*i 

5 (yn*y^ 5 18). iIJQ> -=e •/ -fe^H 2CD=fr*W:. 
fiS-T/2 3r^^>'^ 3 8|:d-KL (i^hV-^B 
Sr^-bfc-T'ci 5 1 3) . W^f5»/5 14~ 
5 l 8^Hfr-f-5-i:lrJ:o-C v gg*HJ£*v-Ct> ±V\, 

[0 0 5 6] E)4*3J:u 5 l215tr}i^-ci/>?>gE^tbbtb 

I o o 5 7 j »brwi::. a««a»uj uawen % Se* 

fcb$*x£/*y-fcyn 2oHfit4-a»6«)lrffl)3£i-5fci«» 
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T. SftStWi/^y-fcyui 2KIEigSiifcfif[<DJ8*i 

. Jibt/i^ ^iSSftSHfcy^-y-ir/u 

1 2l:»t5'M< 1 1 ll9«>e$i&**3J:u<tt*ti]l, 

[0058] 0611, JgSOttff!*— Kfr*»UT*i!». 

5. y*P*/H 27j5jg«$H (yn^60 2) , it 
£Sftfc»®P#ragD/2;JS;b£V*3 8fcn-K**t 
S 0/o y *6 0 4) . 2&RS;h,fl:;><*-y •fe/i'i 2<om 
w «&*ttiL***4x;S»e>S5fT3ix (^^606) , r 

4x»rJ:oT*^>'^(ii[^CNT=C (M) +D/2tfc 

4 4*5,J:V*>}'^ : J'3 8fciStt$*t> Cftfri-oT, S9 
fflT<0^<Z)fia^fatS$iX-5 (7"BS/?6 0 8) . 
[0 0 5 9] ra®T©ft<Bffia<fBia*ft5£, SKSft 

fcy*y-tyn 2wf^a^^$*v-5. faste roj 
io) , JSiRStufc^y-fcyn 2<o#agfc*HiLa*SS 

*7$*V2> (^0^6 12) „ Z.tl\z£.oX>. 
20 fiS*SCNT = C (0) -TXIJCNT=C (0) -C 
(M) -D/2iW. Itli t3 , S^Si**-^* 2 

[0 0 6 0] %?>'?mCNT<D-V-'{>&%:ilfr<otk& 

Siu fBt§$n-o^«# r i j x-bzfa roj -c-fcs 

(yn}.?6 16). B£^-W$4xfcSiSiafll7>i 

/n 2ir©#]g$n5). H*ffiS*tfcasatea« roj -e 
^stt roj tfmiRi'titts'ey-tA'i zKi&mz 

[006 1] 0 714s SS4©U)#*— K£^L-C*3 9» 
4. ro»4»*-m, *W!iKi30*-Ki:RC 

fciB«*nfc«*«2iattiwa**t. iBte^^fc rut 
iE^S^fc r 0 j j:oM«>ftttR»|ia%«t, J«n?tt*< 

40 [0062) -feyv 1 2 *55S«$ir (T'o v 9 7 0 

2) » 3 8*5CNT=OJrtt^b$twX (T'o 

L*S2(H]^t7$n5 (^ny?706), riifcio 
X, *!>yhCNT*iCNT = C (M) i + C (M) it 

4 4*5iOf*'>^^ 3 8lcfEtS$Jx. wixl-J;o-C. m 

[0 0 6 3] am® roj /JSjgiR^nfc^^ey-fe/n 2 

so tv\ 2<o»ai«*au^ff$H* (^oy^ 7 1 
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2) . rh-l'ioT, A')VhCNT^CNT = C 

(o) -TtKZx, mztumm 'u tfmvizixK./*: 

y-tr/n 2U.$#&*;K (t'b-^ 7 14) « IfrfcfcS 
S[g&*HiU)*fgf7S*tS (^^ 7 16) , ZiMzX 
oT> *f>^^{S^CNT = C (1) +C (0) -T = 
C (1) +C (0) -C (M) i-C (M) ikt£Z>. 
[00 64J *!>^ICNT(OWyWjl^^S 

A> fOj rfcofc^-fqi^^tb^ (7'ds/^7 1 8) . 
0) . 

[006 5] SlBIt ®5<ir)ii)^-K«:^br*5t)v 

i?VhCNT^« <7o >^8 0 4) (D^K, 
y-t/H 2W|S*-taL*5 2 L@3lfr£ix (T^y^SO 

6) % SftSHfc^y-fe/t^ <o roj <DS£ii* (7 
(7*135/* 8 1 2) , 5g^snfc^*y-fe/i"^ro r i j 

tf>##i£""* (yas/tJ- 8 14) <r>'&\ZL, LlUWSfS^ 

:c-e, l> i r-fo^o 

[006 6] 03;Ltf. L=2-efeit. 4 lekoflfcig 
W«E»tHbaft« % EUTro^pl'Ut^T^. >*!)-fe 
/H 2&miR2tl (7ns,* 8 0 2) . #9i'<MfiCN 
T^oJClD^kSiX-C (yp j/^8 0 4) % ig^$*lfc 
**2J-fc/H 2<7>m«K*Uib^4lH3^$^ iz/ny 
?806) . *>>V ; J'ffiCNT(O2<0«**5K«tT(0A 

wflat u-cistg$n (^^80 8) , §&a<ig roj 

io) , ss^ai-* 5 2iHiiitT$n (^B'^8i 
2) . ssra't r i j *t3B^snyt>*y t^i 2K$# 

tt*n (yaj/^8 14) , $fefc2lH]W8ffiSiW>-ttlL 

#nrr$tt& (^^8 i6). 

[0 0 6 7] # ? X#itC NTOt-T ^tiiiJ»61(aE 
$*K >*!J-feyH 2KHSfS$*i.fc!astfi*J ru -c*> 
ofc** roj -e*>ofc*^S*«^$*t5 (7a ;,* 8 1 
8) . r©at«ttB*ait©3WT*fc» S^^^fc^^e 

* 8 2 0) „ 

[0 0 6 8] #ftff*-m, ^ofcS&S^UTV^ 

1"-5t, |f&ttUe|lfll**feiE atSSfSiSitt 
1S#l§]«>gg*ajLtt. ##Elog6*tiiL!Ki«Mc: 

2). a^hs*^*^^?*!*-?!*, t^^» 
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[0 06 9] 0 9*5.fcU ! eil Ott, N^^hW7'!)ts' 
h^ffi**?!'* 2 0 0<0SH«tf£fiB$r^L-C*5!>, ;H 
tt. *0^38Oiffii:y!)tj/H/^i'44©flS 

£gUv>;x* 2 0 OCCH^** 2 0 2Sr^LTt' l 5„ C<0 
1/^2 0 211, 1 try h<0*^^^fitSrfEtS-T4T 
17 !) ->y7D j/^ 2 0 4 4^T?^5. ^yj/y 
7cy/2 04li, ^o>^AyjCLK*5J:U<Qmy32 
10 0 6 Sr^A/CI^*. 7 !> y7?u+,"?Z 04 »A*t*5 

»7"5*n s,*A7*jclkw roj r i j — 4>9&& 

t!). 7!)y7 , 7By7 r 2 0 4«)rtS*5 > r 1 j 

roj roj *>e> r i j ^ h^ow-t-*,, *n$, 
*atjclk;4-* r i j roj ^jg^-t-st, 7i)y 

77 a 5/ 7<Oftm-± h /^Sil4V\ 
[0070] Ui>**20 2l4. ^ 1 KXHK 2 0 8 Sr-g- 
A/TV^o 1 <£>@*§2 0 8»47 1 0£r£A/ 

-C*5*) % rtvri^ -fV-ty hU^#4 4©l Vfy h»w 

20 4»»/7 K/R$bA7J2 1 2 (1-fcfr *>.>*- h) fc'^V 
^Sr^^ir^io-C, 75y77Pj/7204*^7 
yf-2 1 OK&j&SH*.. ?'/9-2 10l4 1 yiltyh 
_T? MJU7D2 1 65r^rUTV^. ^coXD fey h_T 
*HfcB73 2l6M\ QW* 2 0 6<Dtt» SHEETS. 
[0 0 7 1] ^^2 0 2^ 7!)y77n5/72 0 
4Sr!)ty h-T-5A»XW:7 ») y 7"7D «^7"2 0 4 StT'!) 
•fey hlltlrS:^-t-5^2(7?lH]!S2 0 8t>^A/-ev^«. 7 
V->77P77204li, 9tyhAA2 2 1fc^M 
SrS^r itiot. roj *7t:l* r i j <ov^i*HXt\ 

7jyy7n5-7*204#!)"tyhShSit 
14, h7y^? 2 2 0*5«5ii!lGNDlr§l*»H 

ioti)t-> h_-YVA712 2 2Kttte*ttfc«[K5l)»» 

[0 0 7 2] 7!ls'77n' / /7'204li, HlW/Jt 
$/ hA^2 2 4lc/<^^SriS!)» iHlcJ:ot7'!)ty 
h_T>7 htiJ732 1 6S:rtSB/-K2 2 6tC^S*5 

40 ^#2.,, 7!)yy7tJyy2 0 4ttv *20/!)tyf> 
A73 2 2 8ir/NVuj^Sri^tp . 7U fe 5/ h 2_W ^A73 2 
3 0c?fig&rt£M-K2 2 6»rH]*D-t"2)r.i:»CioT, 

[0 0 7 3] NANDV- h2 3 2idi.X/-4 9 2 

3 4*5, 7!)' / /77a 5 /7'20 4lC#t5^aj/^CL 
K A XX VC L K B SrSWi- 

[0 0 7 4] «klr®l o4-#K8i-*t. ^5tN§©u^ 
^^20 2*!~i!IK) f iot 1 y hoyj-fey h^Ifig 
2 0 05r^/ifcU-Cl^5. STttfy hLSB 
JO <?3^ o y^ A7JC LKI1 ^Dy?4 0A»b^^iS:§ 



-8- 

- 8 - 



.34002361 mmm 



15 

-r** ^^>^3 8*'oi£!>-tr? hsnst, lsb^ 

^oy^ Kt)<D%Z 1 O/^u^^^ £ CSC NT = 0 
0... 0 l2$r£j5fcU LSB^Py^AA^2^ 
^^^r>>^^cNT==0 0... 1 02«r£/£U LS 
B^^c ^*A;ft<0853<P/<vW*ri $ ;& i>^l|CNT = 
0 0... 1 i2Sr£fdt-f-£, 4 if© J: 5 lefts. 
[0 0 7 5] U^JX* 2 0 2<DD J ty hAJj2 2 1 
/V**mV'tZ>^kX\ ^^{fiCNT;**, MR AM 

-1 (l 1... l 1j) , D/2t£i?(D£?tj:mz%tl£i* 

[0 0 7 6] MS B*>:/JJ-fc* h2_>T^A^2 3 O 

ft, mmm&vDn\ztgm£txx\<*z>o #^^20 

2<0^yir^/ h_T* htttf>2 1 6 ft, ftSTttOW^ 

Ti^to^y^s/ h 2_-f ^a^}2 3 ojc^^nrv^ 

yy^vy fs_r* htU^2 1 6ft*~:/VOl£&Kfto 

[0 0 7 7 J 2 0 2CD*>:7 h/SlsA^2 1 

2 i3«kl/S5 1 cq^ U-ky hA^224 ic/^w^ *PP*p-r 

^^2 0 2^->7 K/SfeA^2 1 2*5j:^®2<0^y 
t y h A* 2 2 8 l:/^ 4Mt -5 w t ta ot> # 

[0 0 7 8 J tfcKEll 1 &&m-fZ>k s #l/^MRA 
M^*>^1 0 0;&s&7toh,TV^ o :OMRAMfs/ , /l 
ooft, z^O;*^ ir^i^/^/cftspffi 1 0 2 

rof&zft, z^ io:E^$rc&5 0 ^yir^u~< 
*£ii;We}&ft, Ifil0 4^J:i:r^HTfeJ:tN o 

[00 7 9] BB*S*t5MRAM7*'<-f * 

ft. f-*«rf8«fti<K*tiJ-t'i2:**T»taEKS:*r 
ttl^o CtD^ttiUIlKft, t^ia^wt 

[0 0 8 0] ^v^^/uir^^igfl^ft, J£&bB<£>DC@ 
m\ZXf$®'rz>Z.k&XZZ>o dJxft, «I»B»B8^, D 



(9) 2001-184857 

m v r ef \zmm~r 5 * -tonfm t> mt-fz . 

[00 8 1] ^^^^^^m<@^wM^^^aiSg[ 
ft, ^y-fe^y h^Ifi8^f?v^lri:oTS&^^m* 
ir£o ¥-©Ntfy h**^*;**, *?^MIiff, RE 

Zmj*rZ>^k&XZZ> 0 LT, ^Pa^ffi 

(real estate) *** 9ft*tolcftASft>, 
Kit), ^*/w*^HI««tt, i9*tfyfo«o 

[00 8 2J *^IC±5MRAMr^^lt iSV^ 
KOT/ji^i/gy^fflSWSo 012(1 lo 

3 i'ft, MRAM^M/-^v?a-;H5 2, >f 
— :7jh— ^^e^cx— yui 5 4, *3i:^p-feyf 1 5 6 
3r^tf3£©l 5 Ok LT;WR<fc$*LTV>5 0 ClOMRA 
M^H/-^^-;H 5 2ft. gJWfKSEtg/flir 1 o 
K±<0MRAMf 5/^1 0 0^A/^^ o <-f^*~ 7 
20 a^^-/H5 4lt ynti/tl 5 6i:MRA 
MX h U— /Ul 5 2k(Of&(D^f 1/$^7zxl — 

x£tS«i-£o £*{El5 0ft, M^IEftffi^igigCQffl 
(01lx_ft S RAM) Sr^tfCttT^^o 

[0 08 3] y-h^ty^3>-f^-^4fcfty<-y^ 
/^XtT^ — 5/^gl 5 0K#tL-Cft, MR A 

M^hW^^^H 5 2li^SS^MRAMf 7^ 

1 OOSr^A/^V^t i<> ^-7*-^ftS^a- 
^15 4tt, EIDE^MSCSW^-7x^ 

30 tfi, MRAM^ h l/-^^*-;H 5 2tt, it)* 
S^MRAMf y^l OOfc^A/T^Tt <fc<> -i^* 

/discs i^y^-7x^^^>rti:v> 0 a* 

ft>«MRAM* hW^^a-/H 5 2 ft, K5* 

[0 0 8 4] Ti?*JU$*7<Oi: otji^mi 5 0tc*fU 
Tft, MRAM^H^-^^-;H 5 2ft, i!?^ 
t^)MR AMf y^lOO ?r t A/tV > 1 1 <t < , A >^ 
40 -7x-^ ; f^a'-;H 5 4ft*;* X 
Sr^t?l^Tt>i:V\ WMRAM^hU-^^ 
-/H5 2ft, y^Jf^jJt^lZ&l&ZfrX 

[008 5] «^(OMRAMr^W ^ft. K^^ 
* JMWIBtt'r /<-f ^ ^ ?5 ^ T ^ ir x Jt 
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[008 6] #181^1*, ±«BT'gJiW$nE.o^ : $ix-C# 

[008 7] *3gfJ*t. fr^SSIftl'?eofc[fi)t«rr6]^ 
[0 0 8 8] LfcriSoT. *«BJIi. -kiE-(?!ft8U$;ftjL 

[BffiaflWftKffl] 

[Ell] >*U-fe><KOTU^igg^ffiUlHlKtS:#tfM 

[®2] (a) t*/*y*/i^w?fltti^rt0B-c4> 

!?. (b) li/^y-fe/PCDSSWffflE'(t^lRl»|iIT-fc5<, 
[El 3] %L*toV®ft(0-n$:tef8.-r% 1 7 :; ** /H?^* 20 

[04] ^**;\'±yxmi>8®<0&ti:Z>®ft : £—h'<D7 

[05] ^***:/*itMBB«)JM£attff*--K«>:7 

[06] ^*;w*^*i#B*w&fc5tM^-K<c>7 

[0 7] ^*/iH^*tera§8<PJ*>fcS$W*-Ktf>:7 

[08] "f^^/^^^^nSktt^W/^^—Y^ 30 
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[09] 7*v?^/W-feV^ig^Sg<Ofe*<D7*y-^s/ b*!f& 

[0io] ^u-fey h*imt£*v>*<DWX'bz. 

101 1] #U^wSr#tPMRAM^;y7'«O0T?*>5. 
[012] l-o£Jl±<OMRAM^<>7'S:^tfSSe^0t? 

8 MR am oa^ynr^t^^*!)) ^/W* 

1 2 ^^-yiry^ 

1 9 «#i&*[H)S& 

2 0 f£*ffiUel*g 

22 jiyry^EWS 

2 4 «»« «R5WB* + /<S/*) 

2 6 7 t v*;wz % sxmm& 

2 8 iItg&Ai«<®S 

30 ytyh^s/f 

3 4 l/O/^K 

3 6 tfc&Sg 

38 

4 0 * P y * 

44 ^y-fetyhU^^^ 
4 6 =21/ h b*—? 
2 02 

2 04 TS!7y^/7P>>/ 

2 06 TS7y ^^7a>v^c0QttJ^ 

2 10 7 

2 1 6 9-y^(Omt) 

2 3 0 ^y*fe^ N_^>-A^ 
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mi] 



IE6J 





|0ICA^ . 28 [piCAj jplCAj 

— I -T1 , —I JX. ... -I 



24 rin 




CNT=D/2 
i 



CNT=C(M)+D/2 



T = C N TT?&£ 



IC ' 0 * 



CNT = C(0)-T 



602 



604 



606 



608 



610 



T-tT+i h = SGN(CNT) 



612 



614 



616 



li o] 



[El 1] 



202 



200 




PRESET 



->7 h/JB«E 



RESET IPRESCTI 
V7 ►/gS 



CtK 0 

Bit N-1 

PRE-SETJJN 
POT-56T OUT 



RESET 

^■7 h/fiie 



3 2 ~ 



CL * Bit N * 
(MSB) 

PRE-SEUJN 
"pRE-SBT_OOT 



PRESET 
PRESET! 



■H 

| pa 



RESET PRESET* 



100 
102 



-102 



- 102 
-104 
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[04] 



' 1 • fciets 



I 



CNT = D/2 
~1 



C N T = C( 1 ) + D/2 



T©aro«*f5tS 

T=CNT7?fe5 



SET CNT = -T 



C N T = C(M)-T 



I 



h = SGN(CNT) 



402 



404 



406 



408 



•409 



410 



412 



•414 



II 2] 



100 100 



L 153 
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[135] 



© 



' 1 ' &!B« 



CNT= 0 

ZEZ 



C N T = C( 1 ) 



•0' &SB1B 



I 



CN T = C(1 )+C(0) 



T=CNTffe5 



502 



504 



506 



508 



510 



512 









» 


CNT = -T/2 


^513 














j~514 










j-516 




C N T = C(M)-T/2 










f-^?n = SGN(CNT) 


^-518 
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IM7] 



[g)8] 



CNT = 0 

Z3= 



C N T = C(M), +C(M) 2 



J. 



Bflfif T OTftCDfilfcietf 
T=CN Tt^5 



ic • o ' 



C N T =C(0)-T 



1 



702 



r 



704 



706 



708 



710 



712 



714 



CNT = C(1 )+C(0)-T 



716 



I ^-J?-?^ s = SGN(CNT ) 



CNT = 0 



2 Lis) Lfc^b" 

i 



PfliST GDfcCD fit fctStS 
T = C N TTJd4 



iw ■ o 1 zmz&t; 



L El CD SR fftSS * tfc L % ^ *T 

1 



802 



804 



806 



808 



810 



812 



814 



7-270 h = SGN(CNT) 



816 



818 



820 
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((3)9] 




7v> b^—i?<Dt£% 

y *^H7^ ^*<JH837G9, y #-£*ft[§;fr y ^avi^TM 95070. 

• * — h 11111 5085 
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